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Introduction
One of the major problems affecting nuclear energy installations is the safe and economical disposal of low-level radioactive wastes.
Chemical treatment of the wastes by precipitation of the radioactive Under these conditions, the pH of the treated waste water is about 10.5, and removals are of the order of 80 to 90$ for radiostrontium and about 90$ for radiocesium.
Scope of the Present Study
Routine operation of the treatment plant is beset with some inherent difficulties. Low temperatures influence the removal of calcium; that is, the amount of calcium in the effluent increases significantly during cold weather. Increased time of contact produces an increased removal of calcium up to 50$, either in solution or in fine colloidal suspensions.
It is not possible to increase contact time in the plant, since the designed retention time in the settling basin of the plant is only 129 minutes.
Recycling the previously settled sludge from the settling basin back to the flash mixer is effective in reducing the amount of calcium carbonate in the effluent and can be practiced. Also, during cold seasons, the amount of suspended matter in the effluent increases. Complexing agents, such as versene and polyphosphates, are found to interfere with the treatment process, resulting in a significant increase in effluent hardness.
Although the percentages of magnesium hydroxide and calcium carbonate in the suspended matter are difficult to evaluate, it is possible to estimate the distribution of activity in the solid as well as the liquid phase of the effluent. Gross beta counting of the filtered and unfiltered weekly composite samples of the effluent show that, on an average, 50$ of the outgoing activity is associated with the solid phase.
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The use of coagulant aids is one approach to the removal of suspended matter in the effluent. The slight increase in the cost of treatment might be justified on the basis of increased efficiency. Accordingly, the present study was made in order to select a suitable coagulant aid and to determine the conditions under which the aid would be more effective. As the current interest is in the use of polyelectrolytes as coagulant aids, the study was limited to polyelectrolytes only.
Coagulation
The use of coagulants and coagulant aids in water softening processes is widespread. The subject of coagulation itself, in its application as a means of decontaminating radioactive liquid wastes, has been treated 3 ij. 5 g 7 8 9 extensively by several authors.
' ' ' ' Black describes the action of a coagulant when added to water as one involving three stages:
1. The coagulant disperses itself in the solution and produces multivalent ions which serve to neutralize the negative charge on the color or turbidity colloids under proper conditions of pH and alkalinity. 71 f) lo -9-the particle surface while the ionized groups keep the polymer in an extended position, leading to particle bridging and agglomeration.
Experimental Method
The study of coagulant aids was divided into two main phases, namely:
1) laboratory tests to compare and select the most suitable aid and to evaluate the best possible conditions under which it will work and 2) plant trials to obtain data on plant performance of the coagulant aid selected.
Laboratory Tests
For investigation in the laboratory, samples of a number of coagulant 12 aids were procured and tested by the conventional jar-test technique. Table 1 Hagan Chemicals and Controls,Inc.
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Material supplied as solution. Physical form unknown. procedure was contemplated, it was necessary to duplicate the plant conditions in these jar tests. Accordingly, the following time and speed sequences were used in the tests:
1. 85 seconds flash mixing at 288 rpm 2. 31 minutes coagulation at 8l rpm.
These time and speed sequences are typical of those in the flash mixer and the three coagulation "basins, respectively. At 8l rpm, the stirrer used gave a paddle tip velocity of 6k feet per minute.
Turbidity measurements were made with a Klett-Summerson photo-electric colorimeter, using a k-0 mm glass cell and a "blue filter having a range of I4-OO to k65 millimicrons. Since the scale of this instrument is divided logarithmically, it was possible to relate the initial and final turbidities and to determine the percentage of turbidity remaining.
Nevertheless, the instrument was calibrated with standard solutions of fuller's earth turbidity, and the resultant curve was used in the calculations.
A continuous sampler was set in the plant influent line to yield a 24-hour sample of influent waste water, and this was used in the tests.
Analysis of the waste water for total, carbonate, noncarbonate, calcium, and magnesium hardnesses was made in accordance with standard procedure.
With Model G Beckman pH meter, pH determinations were made. A few exploratory tests were necessary to decide on the type of aid to be selected, its optimum concentration range, and the best combination.
From these tests it was possible to eliminate some of the aids and some specific combinations. Hagan 50, Separan 2610, and Aerofloc 3000 were found to work better than the other aids tested. Combinations of these aids with Hagan 18 produced even better results. Thus, these combinations were used for detailed study. can be seen that "slow agitation" gave somewhat higher turbidities for the ::
supernatant. However, the floe size was much larger at slow speeds than at high speeds.
Effect of Temperature.-Two tests were conducted to determine the effect of temperature on coagulation. In both cases, the samples were immersed in an ice bath and cooled to 40 F before the addition of lime, soda-ash, and clay. Figure 7 gives the results of the first of these tests with the "fast agitation" sequence, and 
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-21-that the aids did produce appreciable coagulation at low temperatures. It will also be noted that the slow speed sequence produced a higher turbidity than the high speed sequence.
Point of Addition. -Figures 9 and 10 show the results of tests where the aids were added before and after the other chemicals. The aid combinations used were Hagan 50 and 18 and Aerofloc 3000 and Hagan 18.
At least in these jar tests, there seemed to be little or no affect on coagulation whether the aids are added before chemical treatment or after.
However, more tests must be conducted before this effect can be determined conclusively.
Presence of Complexing Agents.-In the various services and laboratories at ORNL, it is common practice to use Turco and versene as decontaminating agents for cleaning surfaces, equipment, and clothing. Contaminated water resulting from such clean-up operations is released to the process waste water system. Very often, the amount of Turco in the influent waste stream is high enough to cause interference in the treatment process. It was of interest, therefore, to determine whether the aids would be as effective in the presence of Turco.
Tap water was spiked with varying amounts of Turco ranging from 100 ppm to 500 ppm, and coagulation was accomplished with the Hagan 50 and 18 combination.
Two control jars, unspiked with Turco, were used, one with, and the other without the aids.
Tap water spiked with versene ranging from 10 ppm to 50 ppm also showed more or less the same effect as with Turco. Because versene is used in the complexometric titrations for hardness estimations, it was not possible to evaluate the final hardness of the treated water.
23
-22- SETTLING TIME (mm) Fig. 10 .
O'-
The jar tests showed that the use of coagulant aids does reduce the turbidity of the treated waste solution and that the combination of Hagan 50 and 18 produces uniformly good results under most of the conditions described above. Since this combination seemed well suited to the conditions existing in the treatment plant, a six-week plant trial was planned for further testing of these aids.
Plant Trials
The plant trials showed that it would be possible to obtain, under In the beginning, the aids were fed independently into the flash mixer. After sometime it was evident that this point of introduction
was not the most effective, and so Aid 50 was split into two portions, one going to the flash mixer and the other to the third coagulator basin.
Aid 18 was fed into the flash mixer only.
The results were apparent KB hours after the initial feeding. There During the plant trials it was noted that waste solutions containing Turco, a proprietary product used in decontamination operations elsewhere in the Laboratory, were let into the equalization basin and finally into the treatment plant. Analysis of the influent for phosphates showed amounts ranging from 10 to 25 ppm. During continuous operation of the plant it was rather difficult to estimate exactly when these phosphates were coming into the plant. The poor performance of the aids is believed to be due to the influx of Turco into the plant, and would be so expected, based on the results observed in the jar tests.
Mechanical modifications of the plant produced some undesirable results.
Slowing the agitators in the coagulators progressively, so that the velocity through the wooden baffles separating the third basin and the settling basin was reduced, resulted in a considerable sludge build-up in the third basin. Since the settled sludge was closely packed, washing the basin with a water jet did not improve matters. The agitation speed was increased for about 30 minutes to stir up the sludge once again, and this destroyed the floe already formed. Also, the horizontal slots in the 716 30
wooden baffles short-circuited the sludge back into the third basin.
Circular holes, larger than those in use previously, might help to overcome this effect.
There was a significant reduction in the turbidity of the effluent as a result of coagulation with an aid. That the aids do produce a good floe of fairly uniform size and quick settling characteristics, even at low temperatures, was very evident in these trials. Analytical data on several weekly samples confirmed the beneficial effects of the aid. However, results were inconsistent, probably due to the uncontrollable factors described previously. A much longer observation period, including work with equipment to study the particle-size distribution, is necessary to evaluate properly the effect of coagulant aids on the removal of radioactivity from low-level liquid wastes.
Summary
The results of the jar tests and the plant trials were as follows: o -
